In the 2003 West Nile virus (WNV) epidemic, Colorado reported more WNV cases than any other state, including an unprecedented number in organ transplant recipients.
resembling plasma cells; however, flow cytometry (n=3) showed that cells were almost exclusively of T-cell (not B-cell or plasma cell) lineage. Magnetic resonance images of the brain were abnormal in 7 of 8 tested patients, and electroencephalograms were abnormal in 7 of 7, with 2 showing periodic lateralized epileptiform discharges. Nine of 11 patients survived infection, but 3 had significant residual deficits. One patient died 17 days after admission, and autopsy findings revealed severe panencephalitic changes with multifocal areas of necrosis in the cerebral deep gray nuclei, brainstem, and spinal cord as well as diffuse macrophage influx in the periventricular white matter. A second patient died of complications of WNV encephalitis 6 months after hospital admission.
Conclusions: Naturally acquired WNV encephalitis in transplant recipients shows diagnostic, clinical, and laboratory features similar to those reported in nonimmunocompromised individuals, but neuroimaging, electroencephalography, and autopsy results verify that these patients develop neurological damage at the severe end of the spectrum.
Arch Neurol. 2004; 61:1210 -1220 N A T U R A L L Y A C Q U I R E D West Nile virus (WNV) infection first appeared in North America in 1999. 1, 2 Since 1999, the epidemic has spread westward throughout the United States, 3, 4 although originally afflicted areas on the Eastern seaboard continue to report new cases. 3 Consequently, WNV has now become stably entrenched in the United States. 5 Between July 2003 and October 2003, nearly one third of all human WNV cases and 29% of all WNV-associated deaths in the United States occurred in Colorado. There were 2947 confirmed WNV cases and 63 deaths in Colorado; 79% of WNVinfected patients in Colorado had WNV fever, 13% had meningitis, and 8% had encephalitis. 3 Cases were concentrated in 3 north central counties (Boulder, Larimer, and Weld counties), each of which reported at least 400 cases and accounted for approximately 45% of the total cases in the state. This is a referral area for 2 major medical institutions that provide initial and followup care for the overwhelming majority of transplant recipients in Colorado.
Approximately 25000 individuals receive organ transplants in the United States annually. 6 Solid-organ recipients are treated with long-term immunosuppressive regimens that put them at increased risk for opportunistic infection. These transplant recipients are among several select patient groups, including elderly individuals or those with malignancies, that may be at increased risk for de veloping neurological or other serious manifestations of WNV infection.
This article details the clinical, laboratory, and neuroimaging features of 11 transplant recipients (4 kidney, 2 stem cell, 2 liver, 1 lung, and 2 kidney/pancreas) hospitalized with WNV encephalitis. This represents the largest experience reported to date with naturally acquired WNV encephalitis in transplant recipients. All patients received their transplant at a time remote (5 months to 15 years) from the onset of WNV infection. None had received blood transfusions or transfusion products in the 3 months prior to infection or were hospitalized at the time of illness onset.
METHODS
Cases were ascertained through contact with hospital transplant services, medical record review, and the Colorado Department of Public Health and Environment (CDPHE) (Denver). Seven patients were admitted to the University of Colorado Hospital or Presbyterian-St Luke's Hospital (Denver) at the onset of illness, and 4 were transferred to the University of Colorado Hospital from regional hospitals. Diagnosis of WNV encephalitis infection was based on the detection of WNV IgM in the cerebrospinal fluid (CSF) by capture enzyme-linked immunosorbent assay (ELISA) in 6 cases and in the serum alone in 5 cases in accordance with CDPHE criteria. 4 Serologic tests were performed at either the University of Colorado Hospital using Food and Drug Administration-approved capture ELISA (Focus Technology, Cypress, Calif) or by the CDPHE. No patient had a history of encephalitis, Flavivirus vaccination, or travel to endemic areas of Japanese encephalitis virus.
Data were gathered from physician and hospital medical records regarding initial clinical signs and symptoms, neurological illness, and results of studies including WNV serologic tests (11) , CSF examination (11), magnetic resonance imaging (MRI) (8) , electroencephalography (EEG) (7) , CSF WNV polymerase chain reaction (3), and electromyography (3). The CSF cytologic preparations were obtained during the acute phase of illness in 5 patients, and flow cytometry was performed in 3 samples. Two patients died, and 1 underwent a full autopsy. Autopsy tissues were fixed for 2 to 7 days in 10% formalin, routinely processed, and sectioned at 4 to 6 µm. Hematoxylineosin, Luxol fast blue-periodic acid-Schiff, modified Bielschowsky silver, and immunohistochemical staining for microglia (CD68), macrophages (HAM56), and lymphocytes (CD45, CD3 for T cells, and CD20 for B cells) were conducted on selected sections. Postmortem polymerase chain reaction testing for WNV in the brain, spinal cord, and blood was performed by the Centers for Disease Control (Ft Collins, Colo).
RESULTS

All cases occurred between July 2003 and October 2003.
Patients included 7 women and 4 men aged 32 to 62 years. Two patients had received allogeneic stem cell transplants for non-Hodgkin lymphoma (patient 1) or acute myelogenous leukemia (patient 2). Nine patients had received kidney (4), kidney/pancreas (2), liver (2), or lung (1) transplants for chronic diseases including hypertensive end-stage renal disease (2), diabetes mellitus (2), adult-onset polycystic kidney disease (1), glomerulonephritis (1), alcoholic liver disease (1), hepatitis C (1), or chronic obstructive pulmonary disease (1) .
PRODROME AND CLINICAL FEATURES
The clinical prodrome, defined as the period between onset of symptoms and neurological disease, ranged from 0.5 to 7 days (mean±SD, 3.9±2.3 days). In 1 patient (patient 10), the symptom onset was indeterminate. This woman had nonspecific colitis with initially negative WNV serologic test results, which lasted several weeks before the onset of encephalitis with subsequent positive findings on WNV serum and CSF serologic tests. One other patient (patient 3) had pancreatitis (lipase maximum, 1127 mIU/mL). In the 10 cases we were able to evaluate, the prodrome duration and symptoms were similar to those reported in immunocompetent patients, including fever (10), nausea or vomiting (7) , weakness or lethargy (9) , and diarrhea (2) . Rash was not noted in any case. Neurological signs and symptoms developed rapidly, reaching a maximum within a few hours to 2 days.
Four patients developed acute flaccid paralysis; all had severe quadriparesis or quadriplegia associated with hypotonia and areflexia with relatively preserved sensation. All required at least brief mechanical ventilation. Three of the 4 patients with severe acute flaccid paralysis also had significant alterations in mental status as well as EEG and neuroimaging findings consistent with associated meningoencephalitis. Two of the 3 patients with acute flaccid paralysis and meningoencephalitis had transient generalized or partial complex seizures. The 7 patients without acute flaccid paralysis all had signs and symptoms of meningoencephalitis. One patient with meningoencephalitis (patient 10), in addition to the 2 patients with acute flaccid paralysis and meningoencephalitis noted previously, also had seizures. Another patient with meningoencephalitis (patient 11) had altered mental status, fever, and headaches but no seizures.
Two patients manifested prominent parkinsonian features including rigidity, cogwheeling, and rest tremor (patients 4 and 5). Both patients also had postural and intention tremors and myoclonus. Two additional patients (patients 8 and 9) had prominent tremors and myoclonus, and 2 had myoclonus alone (patients 7 and 10) without parkinsonian features. Seven patients (patients 1, 3, 4, 6, 7, 8, and 9) required mechanical ventilation (duration, 2 days to Ͼ8 weeks) (Table) . All patients were hospitalized for a minimum of 2 weeks.
NEUROIMAGING STUDIES
Cranial MRI was performed in 8 patients. Seven of the 8 patients who underwent MRI had abnormalities that were attributed to their WNV infection (exception was patient 2). Two patients had a prominent increased signal in the thalami (Figure 1A ), basal ganglia, brainstem ( Figure 1C ), or cerebral peduncles (patients 1 and 7) noted between days 3 and 5 of illness, which persisted in patient 7 on MRI studies performed at days 19 and 30. A third patient (patient 9) showed new transient abnormalities in these areas on an MRI study obtained at day 21 that were not present on day 1. Six patients (patients 1, 4, 5, 8, 9, and 10) had areas of increased white matter signal inten-sity ( Figure 1E ). Multiple MRI studies were available in 4 patients (patients 2, 7, 9, and 10). Patient 2 had normal MRI results at days 4, 8, and 31 of illness. Patient 7 showed progressive worsening in studies obtained at days 5, 19, and 30 of illness. Patient 9 developed transient abnormalities in the thalamus, globus pallidus, and brainstem. Patient 10 showed worsening between studies obtained at days 2, 33, and 55 of illness, although diminished leptomeningeal enhancement was noted on day 55.
LABORATORY AND DIAGNOSTIC STUDIES
All patients had at least 1 CSF examination, and 6 patients had multiple ones. Pleocytosis (Ն5 white blood cells per microliter) was present in all cases, with a range of 5 to 540 cells (mean±SD, 89±152). Four patients (patients 1, 5, 10, and 11) had a polymorphonuclear neutrophil differential of at least 45% on the results of their initial lumbar puncture. One patient (patient 9) had The CSF cytologic examination in 5 patients showed small lymphocytes, varying numbers of neutrophils, monocytes, and reactive and atypical lymphocytes, some of which resembled plasma cells (Figure 2A ). Flow cytometry of the CSF was performed in 3 samples using a side light scatter/CD45 gating strategy. The CSF flow cy- In patient 1, the vast majority of cells (day 2) were T cells positive for CD5 (53%) and CD4 (39%) or CD8 (22%). A negligible number of CD19-positive B cells were present. The CSF WNV IgM antibody was detectable in 6 of 9 tested patients. The 3 patients with a nondetectable antibody had CSF serologic tests performed at days 2 to 4 of illness (patients 4, 6, and 9). Patients 4 and 9 had nega-tive CSF WNV IgM results at a time when their serum WNV IgM results were positive. Patient 10 had no detectable serum WNV IgG or IgM at days 1 and 3, with a detectable antibody at days 40, 47, and 53. Five of the 11 patients had multiple serum serologic tests, and all showed seroconversion and/or increases in IgG titers (Patients 3, 4, 6, 7, and 10). The results of CSF polymerase chain reaction were negative in 3 of 3 patients on whom it was performed.
Seven of the 11 patients had at least 1 EEG performed during their hospitalization (patients 1, 4, 6, 7, 8, 9, and 10), all of which showed abnormalities. Diffuse slowing in the and/or ␦ range was seen in all patients but was more prominent frontally in 2 patients *All dates refer to 2003. Days for CSF profile and WNV documentation were calculated from day of hospital admission (ie, day 1 = first hospital day). Day 1 represents first day of hospital admission either at outside hospital or at the 2 referral institutions. The CSF glucose and protein concentrations are presented in milligrams per deciliter, and cell counts are presented in cells per microliter. Serum and CSF WNV IgM IgG enzyme-linked immunosorbent assay (ELISA) values less than 0.9 were negative, between 0.9 and 1.1 were equivocal, and greater than 1.1 were positive. †See text for further details. (patients 6 and 9). In 2 patients (patients 6 and 7), we noted triphasic slow waves typical of those seen in metabolic encephalopathies. Seizures occurred in 3 patients but were transient and easily controlled. Two of these patients (patients 6 and 7) had periodic lateralized epileptiform discharges (PLEDs) noted on at least 1 EEG. In the 3 patients with seizures, sequential EEGs obtained at different points during their illness showed an evolution from diffuse slowing to PLEDs, followed by gradual resolution of EEG abnormalities.
Four of 11 patients (patients 1, 3, 6, and 7) rapidly progressed to acute flaccid paralysis. In 2 of these patients (patients 1 and 3), nerve conduction and electromyographic studies were performed. Patient 1 showed absent or severely reduced amplitude of the compound muscle action potentials (CMAPs) with relatively preserved amplitude of the sensory nerve action potentials in the involved limbs. Conduction velocities were either normal or mildly slowed in nerves with reduced CMAPs. There was no evidence of denervation in a study conducted at day 10 of illness. Electromyographic and nerve conduction studies performed in patient 3 one month after the onset of illness showed severely decreased amplitude of the CMAPs with moderate decrements in conduction velocity in the involved nerves. Sensory nerve action potential amplitudes were also reduced but to a lesser degree than the CMAPs. Occasional spontaneous activity (fibrillations and positive sharp waves) was seen in all involved muscles. These findings were felt to be consistent with a predominantly motor axonopathy or anterior horn cell disorder with associated denervation. Test results provided evidence of anterior horn cell damage rather than Guillain-Barré syndrome. No evidence of denervation was seen on electromyographic studies in patient 10, who had meningoencephalitis but no acute flaccid paralysis.
TREATMENT
Treatment varied greatly among the cohort, precluding any analysis of efficacy. Patients 3 and 4 received Omr-IgG-am, a trademarked Israeli intravenous immunoglobulin (IVIG) preparation with a high-titer antibody against WNV, with Food and Drug Administration and institutional review board approval as part of an Investigational New Drug application. These patients were also treated with interferon alfa-2b (3 million U/d subcutaneously for 7 to 17 days). Patients 1, 2, and 5 were participants in Collaborative Antiviral Study Group trial 210, a placebo-controlled doubleblind study currently in progress that is comparing Omr-IgG-am (1 dose of 0.5 g/kg) with US IVIG (Polygam) (1 dose of 0.5 g/kg) or saline. Four additional patients (patients 6, 7, 8, and 9) were treated with US IVIG (1 dose of 1 g/kg) and interferon alfa-2b (3 million U/d 2 for 3 to 6 days). One patient also received ribavirin (patient 9) (400 mg twice a day for 8 days), and 2 patients (patients 10 and 11) received no specific antiviral therapy.
Immunosuppressive therapy was either reduced or held in all solid-organ recipients. Maintenance therapy for the 2 stem-cell recipients was not altered. The 2 patients who had undergone liver transplants (patients 3 and 4) had their cyclosporin A or tacrolimus stopped and mycophenolate mofetil reduced. All patients with kidney transplants had the doses of their immunosuppressive medications reduced or held. One patient with a kidney transplant (patient 10) had mycophenolate mofetil and cyclosporin A discontinued when she first developed seizures and encephalopathy, but her symptoms failed to improve until her steroid dosage was decreased as well.
AUTOPSY RESULTS
Patient 1 died of acute pneumonia on hospital day 17. The brain was grossly normal but microscopically contained small multifocal areas of necrosis and macrophage influx in nearly every sampled section of the subcortical gray matter, brainstem, cerebellum, and spinal cord. Microglial clusters and neuronophagia were found in the anterior horn, cerebral neocortex, hypothalamus, and hippocampus. Numerous ovoid foci of damage pockmarked the thalami and subthalamic nuclei ( Figure 1B) as well as the substantia nigra and red nuclei ( Figure 1D and Figure 2B) , directly corresponding to the abnormalities seen on MRI studies ( Figures 1A and C) . The periventricular and deep right cerebral white matter ( Figure 1E ) showed diffuse macrophage infiltration but minimal necrosis and only mild myelin pallor ( Figure 1F ). Other affected sites included the tegmentum of pons and basis pontis, medulla, cerebellar molecular layer, and spinal cord anterior horns ( Figure 2C ). Silver stains identified few axonal swellings except in the basis pontis, which demonstrated pontine leukodystrophy. Focal ongoing myelin breakdown in the dorsal nerve roots attested to nerve root damage in addition to the gray matter damage in the spinal cord ( Figure 2E ). Although only scant perivascular lymphocytic collections, almost all of which were T-cell lymphocytes according to dual CD3/ CD20 immunostaining, were present in the central nervous system sections, T-cell inflammation ( Figure 2F ) in the nerve roots was more conspicuous ( Figure 2F ). The WNV genome was detected using postmortem polymerase chain reaction with a viral load equivalent to approximately 2000 plaque-forming units per milliliter in the spinal cord and brain and at a lower level in the blood. Patient 4 died 6 months after hospital admission, but no autopsy was performed.
COMMENT
The 11 patients reported in this article represent the largest series to date of WNV encephalitis in transplant recipients. [7] [8] [9] [10] [11] [12] [13] [14] [15] Our findings are likely applicable to other immunocompromisedpatients. [16] [17] [18] Theinitialclinicalsymptoms in transplant recipients included fever, weakness, myalgia, gastrointestinal complaints, and altered mental status. Both the duration and nature of the prodromal symptoms were similar to those reported in immunocompetent patients with the possible exception of rash, which was not noted in our cases, and the 1 patient with a potential prolonged gastrointestinal illness. 1 Studies of the CSF were performed in all cases. The CSF protein ranged from 41 to 142 mg/dL (mean±SD, 81.8 ± 31.1 mg/dL; normal, 15-45 mg/dL), comparable with values reported in the study by Nash et al. 1 All 11 patients manifested an initial pleocytosis, with 4 patients having a polymorphonuclear neutrophil count of at least 45%, a feature described previously. 1, 11 The initial CSF or serum samples were positive for WNV IgM in 6 of our 9 tested patients. Notably, patient 10 had negative CSF polymerase chain reaction, serum WNV IgM, and IgG serologic test results during the acute onset of her altered mental status. The CSF WNV IgM level was not obtained at that time. Although occasionally transplant recipients described in the literature have been noted to have borderline 10 or initially negative 9,10 serum or CSF 9, 17 WNV IgM test results, most transplant recipients show the CSF profile expected for immunocompetent individuals, implying that they are able to mount appreciable humoral immune responses to WNV infection. Atypical reactive lymphocytes, some of which resembled plasma cells, were seen in the CSF of 5 patients with WNV encephalitis, as previously noted. 12 However, flow cytometric analyses of 3 CSF samples verified that the cells were predominantly of T-cell lineage (CD4ϾCD8), with negligible numbers of B cells and plasma cells.
The MRI results were abnormal in 7 (87%) of 8 patients in whom studies were performed, a higher incidence than previously reported in immunocompetent patients. 1, 18 The most common MRI finding in our series was patchy areas of increased signal intensity in the deep or periventricular white matter, which correlated with regions of ill-defined myelin pallor and diffuse macrophage influx in patients who underwent autopsy. However, white matter lesions of this type might also have been the result of preexisting ischemic injury or immunosuppressive therapy. Three patients had typical MRI features of WNV encephalitis, including abnormalities in the thalamus, basal ganglia, or upper brainstem. The prominence of MRI abnormalities in our cohort and other immunocompromised patients 8, 10, 11, 17 suggests that more severe injury may occur in immunocompromised compared with immunocompetent WNV-infected individuals.
Evidence of severe WNV infection was found at autopsy in patient 1, who had multifocal areas of necrosis throughout the thalami, subthalamic nuclei, brainstem (especially the substantia nigra, red nuclei, and pons), and spinal cord anterior horn. Previous case reports of WNV encephalitis in transplant recipients have also suggested an increased clinical severity of disease. [9] [10] [11] 17 Most autopsy reports in immunocompetent patients have shown considerably less damage, [19] [20] [21] [22] [23] although severe damage can occur. 24 The mortality rate in our series (18%) was higher than that reported in both hospitalized immunocompetent patients (12%) 1 and unselected Colorado patients with meningitis or encephalitis (10%).
All patients who had EEGs manifested a diffuse slowing of variable severity consistent with generalized encephalopathy. Two patients showed PLEDs, and 2 patients had triphasic slow waves, patterns not previously reported in WNV infection. 18, 25 Transient seizures occurred in 30% of our cases. The MRI and EEG findings coupled with the 1 autopsy report suggest that WNV encephalitis in transplant recipients is more severe than would be expected in immunocompetent individuals.
Once disease developed in these hospitalized patients, the symptoms, duration of hospitalization, requirements for mechanical ventilation, and long-term outcome all fell into the severe end of the spectrum for what has previously been reported for immunocompetent patients with WNV encephalitis. 18 Four of our 11 patients made excellent recoveries, returning to baseline functional status at evaluation 3 months postinfection (patients 2, 5, 8, and 11). One patient (patient 9) made a slow recovery and still has persistent tremors and mental status changes. Four patients have not improved and are in long-term care facilities (patients 3, 6, 7, and 10), 2 of whom remain ventilator dependent (patients 6 and 7). Patients with severe acute flaccid paralysis have shown only a minimal improvement in weakness. Two patients died, one (patient 1) on day 17 and the other (patient 4) 6 months after hospital admission.
The patients in this series received a variety of treatments for WNV encephalitis, and the uncontrolled and nonblinded nature of the series precludes analysis of the efficacy of specific therapies. There is currently no known effective treatment for WNV infection. We generally treated patients by (1) reducing immunosuppression specifically involving tacrolimus, 1 cyclosporin A, and steroids; (2) nonspecific antiviral therapy (interferon alfa-2b) 2 ; and (3) passive immunization with anti-WNV antibody-containing IVIG when available. 3 Long-term use of interferon alfa-2b has been associated with an increased risk of acute humoral renal transplant rejection, 26 although no significant deterioration in renal graft function was noted in the patients in this study during short (4-17 day) courses of treatment. Patients treated with Omr-IgG-am received it late in the course of infection, precluding analysis of its potential efficacy in shortterm treatment. The effect of our treatment on the natural history of the disease is unclear. The results of the ongoing randomized placebo-controlled Collaborative Antiviral Study Group 210 trial comparing Omr-IgG-am, an Israeli IVIG preparation with high-titer anti-WNV antibody, with US IVIG G (Polygam) or saline should provide more definitive information regarding the utility of passive immunization.
The major limitation of our study is that no data currently exist in our state to document the number of transplant recipients in Colorado who may have contracted the virus but only developed subclinical or mild clinical infections. Seroprevalence studies are now in progress to answer this question. The major strength of our study is the number of cases we report, which provides perspective to single case reports in the literature that may be biased toward fatal examples. We have shown that when neurological disease develops in transplant recipients owing to WNV, it manifests on the severe end of the spectrum.
